Birds selected for fast growth receive high-energy and high-protein feed for the first day of life. An inadequate proportion of energy and protein in feed led to disturbances in lipid metabolism and caused the accumulation of adipose tissue in the abdomen, subcutaneous tissue, muscles, and visceral organs (Gesek et al., 2010 (Gesek et al., , 2013 . During the last days of fattening, fat accumulation is more visible, especially in the liver (Gesek et al., 2010 (Gesek et al., , 2013 . Accumulation of adipose tissue can be desirable for culinary reasons, and surgical methods, such as castration/caponization of male birds, can be performed. In other species, such as bulls (Bruns et al., 2004; Killinger et al., 2004) , pigs (Bañón et al., 2003) , sheep (Kemp et al., 1972) , and goats (Johnson et al., 1995) , castration enhanced sensorial aspects mainly due to increases in the level of intramuscular fat. Castration, in general, leads to androgen deficiency and changes in lipid metabolism. Caponization in birds can be accomplished chemically or surgically (Calik et al., 2015; Chen et al., 2010; Franco et al., 2016; Quaresma et al., 2017; Rahman et al., 2004; Sirri et al., 2009) . Studies analysing the effects of caponization indicated that testes removal changes the lipoprotein profile and increases abdominal fat accumulation. Several papers have described how caponization changes the weight of abdominal fat as well as the triacylglycerol and total content of low and high-density lipoprotein (LDL and HDL) (Chen et al., 2005; Zawacka et al., 2017) and influences the chemical composition of tissues (total lipids, cholesterol, and ash) in both breast and thigh cuts (Sirri et al., 2009) . Additionally, studies focused on the chemical composition of intramuscular fat in caponized medium-growing broiler line (Sinanoglou et al., 2011; Symeon et al., 2010) and intramuscular fat in layer line capons (Symeon et al., 2012) . Native breeds such as Greenleg Partridge are also used for capon production, and the studies included morphological analysis as the weight of abdominal fat as well as the chemical analysis as the chemical composition of breast and thigh meat (Kwiecień et al., 2015) .
All of these studies provide information on only the morphometric (weight) or chemical analysis (level) of fat content in a particular part of a tissue. However, there is no information about the specific localization of lipids in skeletal muscles, and there is no scale to analyse lipid concentration in those locations. Our research aims were to determine if an established three-point scale used in histological muscle samples is an objective tool and whether this is confirmed with another quantitative method, e.g., chemical analysis of muscular tissue.
Thus, the aim of this study was to establish a point scale showing lipid concentrations in pectoral and thigh muscles of birds using Oil Red O staining.
material and methods
The need of a point scale showing lipid localization arises during experiments performed on Leghorn cockerels (approval of the Local Ethics Committee in Olsztyn) and concerns castration of the birds at 8 weeks of age. Feed composition was the same as presented in our earlier studies (Gesek et al., 2017) . In the 20th, 24th, and 28th week, 6 cockerels and 6 capons were slaughtered (at each age), and a necropsy was performed (36 birds in total). During the necropsy, pectoral (one section 2 cm × 2 cm × 2 cm from right pectoralis major muscle) and thigh muscles (one section 2 cm × 2 cm × 2 cm from right semimembranosus muscle) were put into a 30% saccharose solution with the addition of sodium azide (+4°C). During next 4 days, muscle tissues were covered by cryostat embedding medium and frozen (-25°C), then samples were cut into 8 µm sections in cryostat microtome (-25°C). Directly before staining, slides with sections were unfrozen in the first step of Oil Red O staining protocol (Bio-Optica, Milan, Italy) to detect lipids. Each section was imaged using a Panoramic Scanner MIDI 3DHISTECH (3DHISTECH, Budapest, Hungary). Four main locations were evaluated: the area around vessels, perimysium between fascicles, endomysium between fascicles, and sarcoplasm of the fibres. Each location was separately evaluated for the pectoral and thigh muscles and area about 100-300 mm 2 in all examined muscles was evaluated. The images were prepared using Panoramic Viewer software (3DHISTECH, Budapest, Hungary). The percentage of tissue occupied by lipids in the different locations was detected using Panoramic Viewer software (3DHISTECH, Budapest, Hungary), which identifies positive areas (red lipids) based on an automatic colour separation. Evaluation was performed by two pathologists.
The proximate chemical composition of breast and thigh meat was determined. Breast and thigh muscles were chilled separately at 4°C, put through a laboratory mincer with a 2 mm mesh, and homogenized. Analytical samples of meat were collected to determine fat content by standard methods (AOAC, 2005) . statistical analysis Two-way ANOVA was performed (chemical composition; the effects of age and sex were analysed). The statistical analysis included the determination of characteristics of analysed traits and significant differences in mean values between age groups by Duncan's test. Computations were performed using STATISTICA 10.0 software (StatSoft Inc. 2011) .
results
The specific scheme/procedure, described below, was used in all examined tissues, and it was crucial to obtain objective data to compare with data from the chemical analysis. In the vessel area of pectoral muscles, individual vessels did not show lipid accumulation (Figure 1a) . When more than 50% of the vessel area in the examined region of the pectoral muscle did not show lipids, the accumulation of lipids around the vessels was established as a 0 grade (Figure 1a) . The low lipid content (+) around vessels was established when there were single lipid droplets, and sometimes merged adipose tissue was observed in more than 50% of the examined pectoral muscle (Figure 1b) . The moderate lipid content (++) around vessels was established when merged adipose tissue was observed in more than 50% of the examined pectoral muscle (Figure 1c ). High lipid content (+++) around vessels was established when a wide area of adipose tissue in more than 50% of the examined tissue was observed, as shown in Figure 1d . When the perimysium between fascicles in pectoral muscles was examined, similar observations were made. When this location did not show lipid accumulation, as shown in Figure 2a , in more than 50% of identified pectoral muscle, a 0 grade was established. The low lipid content (+) in the perimysium between fascicles was established when single, small and large lipid droplets were observed near fascicles in more than 50% of the examined pectoral muscle (Figure 2b ). The moderate lipid content (++) in the perimysium between fascicles was established when small and large lipid droplets as well as merged adipose tissue surrounded fascicles in more than 50% of the examined pectoral muscle (Figure 2c ). High lipid content (+++) in the perimysium between fascicles can be observed, as a wide range of adipose tissue surrounding the fascicles, but our studies did not find that concentration. In the endomysium between pectoral muscle fibres, a 0 grade was established when no lipids were observed in more than 50% of the identified tissue ( Figure 3a) . The low lipid content (+) in the endomysium between fibres was established when single, small lipid droplets around and between fibres were observed in more than 50% of the examined pectoral muscle (Figure 3b ). The moderate lipid content (++) in the endomysium between fibres was established when small and medium lipid droplets and sometimes merged lipids around and between fibres were observed in more than 50% of the examined muscle (Figure 3c ). High lipid content (+++) in the endomysium between fibres was established when small, medium, and large lipid droplets as well as merged adipose tissue were observed around fibres and between the fibres in more than 50% of the examined tissue, as shown in Figure 3d . Lipids were also observed in the sarcoplasm of the fibres in pectoral muscles. Figure 4a shows a cross-section image of the pectoral fibres with no lipids in the cytoplasm/sarcoplasm. When more than 50% of the examined tissue showed a similar observation, a 0 grade in the muscle fibre sarcoplasm was established. The low lipid content (+) in the muscle fibre sarcoplasm was established when single, small lipids occurred randomly in more than 50% of the examined pectoral muscle (Figure 4b ). The presence of small parallel lipids occurring in the muscle fibre sarcoplasm, as shown in Figure 4c , determined the moderate lipid content (++) (in more than 50% of the examined muscle). High lipid content (+++) in the muscle fibre sarcoplasm was established when small, medium and parallel lipid droplets occurred side by side between cytoplasmic myofilaments in more than 50% of the examined tissue, as shown in Figure 4d . Table 1 shows results of the established three-point scale used in pectoral muscles in Leghorn capons and cockerels, which are partial results of studies concerning histology of the muscles (Gesek et al., 2019) . At 20 weeks of age, only the vessel area showed lipid accumulation in cockerels and capons (with one exception, in capons, in the endomysium). In this period, in the vessel area, compared to capons where all birds revealed low lipid concentration, cockerels showed higher value of lipid concentration (one with moderate and five with low lipid concentration). At the same time, the chemical analysis, presented in Table 2 , showed significant differenc-es (P<0.05) between sex groups with higher values in cockerels compared to capons (0.77% to 0.54%, respectively). The opposite finding was revealed at 24 weeks of age, where compared to six cockerels with low lipid content, higher concentration of lipids was noted in capons (two birds with moderate, and four with low lipid concentration). Similarly, in chemical analysis, compared to cockerels (0.50%) capon pectoral muscles showed significantly higher (P<0.05) lipid value (0.70%). Increased tendency was also noted in 28-week-old birds. In three-point-scale capons, the pectoral muscle showed higher lipid concentration around blood vessels, five capons showed moderate and one low concentration in the perimysium between fascicles and in the endomysium between fibres, three capons showed low lipid accumulation, and in the sarcoplasm of muscle fibres, one capon showed low concentration. Lower values were noted in cockerels using the three-point scale, where there were three birds with moderate and three with low concentration around the vessels, and only one cockerel with low concentration in the endomysium. Chemical analysis confirms these observations, and significantly higher lipid content (P<0.05) was observed in capons compared to cockerels (0.88% to 0.56%, respectively). The same procedure to evaluate lipid concentration was used in thigh muscles. Microscopic analysis of thigh muscle samples was performed for the same locations. In the vessel area, a 0 grade was established when more than 50% of the identified vessel area in the examined part of the thigh muscle did not show lipids, but our experiments did not find that concentration. The low lipid content (+) around vessels was established when single small and large lipid droplets, and sometimes merged adipose tissue, were observed in more than 50% of the examined pectoral muscle (Figure 5a ). The moderate lipid content (++) around the vessels was established when merged adipose tissue was observed in more than 50% of the examined tissue (Figure 5b ). High lipid content (+++) around the vessels, as shown in Figure  5c , was set when a wide area of adipose tissue was visible in more than 50% of the examined tissue. Figure 6a shows no lipids in the perimysium between fascicles in thigh muscles. When this location did not show lipids in more than 50% of diagnosed tissue, a 0 grade was established. The low lipid content (+) in the perimysium between fascicles was established when single, small and large droplets of lipid were observed focally around fascicles in more than 50% of the examined thigh muscle (Figure 6b ). The moderate lipid content (++) in the perimysium between fascicles was established when small and large lipid droplets and merged adipose tissue surrounded fascicles in more than 50% of the examined muscle (Figure 6c ). High lipid content (+++) in the perimysium between fascicles is observed when a wide range of merged adipose tissue surrounds the fascicles in more than 50% of examined muscle, as shown in Figure 6d .
In the endomysium between fibres of the thigh muscles, a 0 grade was established when no lipids were observed in more than 50% of the identified tissue (Figure 7a) . The low lipid content (+) in the endomysium between fibres was established when single, small and medium lipid droplets were observed around and between fibres in more than 50% of the examined muscle (Figure 7b ). The moderate lipid content (++) in the endomysium between fibres was established when small and medium lipid droplets, and sometimes merged lipids, were observed around and between fibres in more than 50% of the examined muscle (Figure 7c ). High lipid content (+++) in the endomysium between fibres was established when small, medium, and large lipid droplets as well as merged adipose tissue surrounded fibres in fascicles in more than 50% of the examined tissue, as shown in Figure 7d . Figure 8a) ; single, small, and random droplets -low lipid content (+) ( Figure 8b) ; presence of small, parallel lipids -moderate lipid content (++) ( Figure 8c) ; small, medium, and parallel lipid droplets -high lipid content (+++) (Figure 8d ). Oil Red O staining Figure 8a shows a cross-sectional image of thigh muscle fibres with no lipids in the cytoplasm/sarcoplasm. When more than 50% of the examined tissue showed a similar observation, a 0 grade in muscle fibre sarcoplasm was established. The low lipid content (+) in muscle fibre sarcoplasm was established when single, small, and random lipids were observed in more than 50% of the examined fibres ( Figure  8b ). The presence of small, parallel lipids occurring in muscle fibre sarcoplasm, as shown in Figure 8c , determined the moderate lipid content (++) (in more than 50% of examined muscle). High lipid content (+++) in muscle fibre sarcoplasm was established when small, medium, and parallel lipid droplets, occurring side by side, were between cytoplasmic myofilaments in more than 50% of the examined tissue, as shown in Figure 8d .
The results of the three-point scale in thigh muscles are presented in Table 1 and are partial results of studies concerning histology of the muscles (Gesek et al., 2019) . Compared to pectoral muscles, in general, thigh muscles showed more lipid content. At the 20th week of age, differences between cockerels and capons were noted. At that time, around vessels, cockerels showed high lipid content in two males and moderate content in four males, whereas in capons, higher values were noted for three capons with high, and three with moderate lipid content. Similar to other locations, in the perimysium between fascicles, there were two cases of moderate and two with low lipid content in cockerels and in capons, where one capon showed high lipid content, two moderate, and one low. In the endomysium, three capons showed moderate, with only one cockerel that showed moderate lipid content. Additionally, in fibre sarcoplasm, more capons (five birds) showed low lipid content than cockerels (three birds). The higher lipid content pointed out during histological examination was compared with chemical analysis, and at the same time (in 20-week-old birds), significant differences were noted (P<0.05), with higher values in capons compared to cockerels (3.98% to 1.63%, respectively). At 24 weeks, significantly higher fat content was also noted in capons (5.07% to 3.65%; P<0.05), and similar observation was made using the point scale. Although, in vessel area, lipid content was equal, in other locations, more capons showed lipid presence (in the perimysium and endomysium). Significantly higher differences were observed in capons compared to cockerels in 28-week-old birds in both chemical and point-scale analysis. In chemical analysis, capons showed 6.37% of fat in thigh muscles with 5.07% in cockerel thigh muscles (P<0.05). When the point scale was used, higher lipid concentration was observed in capons around vessels and in the perimysium. Within the endomysium and fibre sarcoplasm, higher number of capons showed lipid presence and with higher concentration.
discussion
The main idea of this study was to establish a three-point scale for lipid concentration in specific locations, in parts of muscular tissue stained with Oil Red O. Within the pectoral muscle, chemical analysis confirmed our assumption. The three-point scale showing specific localization and concentration of the lipids showed the same differences in fat level as chemical analysis. Previous analysis of pectoral muscles showed various interesting data, with higher fat values in capons. Sirri et al. (2009) compared partial and complete caponization on chicken meat quality and found higher total lipid content in the breast muscle of capons compared with cocks. Capons, in Sinanoglou et al.'s (2011) study, had significantly higher content of total intramuscular fat in the Pectoralis major muscle compared with intact medium-growing broilers. Greenleg Partridge capons also displayed a tendency to have increased fat composition in pectoral muscles (Kwiecień et al., 2015) . In the Castella Negra native Spanish chicken, Miguel et al. (2008) showed that compared with cocks, there is a higher fat content in capon pectoral muscle; consequently, the capon meat was more juicy and less fibrous. Symeon et al. (2012) , in laying-type capons, found a similar tendency to the authors mentioned and with our data. In their studies, compared to cockerels, capon breast muscle showed significantly higher fat content. The previously mentioned studies only used a chemical analysis of lipid content. Thus, our three-point-scale analysis of lipid concentration, confirmed by chemical analysis, is an objective tool, which can be used to set the lipid level in tissue samples of pectoral muscle.
Similar to pectoral muscles, in thigh muscles, the point scale also confirmed data from chemical analysis. Significant differences observed in chemical analysis were visible in the point scale, as there were a higher number of birds with higher lipid concentration in all locations examined. Many previous studies concerning caponization showed higher lipid content of fat in thigh muscles of capons in chemical examination of tissue compared to intact birds. Sirri et al. (2009) examined partial and complete caponization in chickens and found that compared with cocks, lipid content was higher in the thigh muscle of capons. Similar observations were made by Symeon et al. (2010) . Compared with intact cockerels in medium-growing broilers, the authors reported a higher fat percentage in thigh muscles. In Greenleg Partridge capons, the fat composition was three times higher in thigh muscles, similar to the cockerels (Kwiecień et al., 2015) . In Lohmann Silver laying-type capons, Symeon et al. (2012) found fat content twice as high in thigh muscles. In our Leghorn capon, fat accumulation was higher compared to cockerels, but not twice as high. Our study finished at 28 weeks, and Symeon et al.'s (2012) study lasted until 34 weeks of age, and perhaps the longer fattening period increased fat content.
An established three-point scale can be used in the analysis of lipid concentration in capon production, in experiments, including chemical analysis of the fat content in part of the muscle tissue combined with chemical and sensorial analysis as well as in other research concerning a bird's muscles. For example, showed that the perimysium and endomysium muscle membranes can change meat/breast tenderness in broilers and White Leghorns. Similar observations by Liu et al. (1996) suggest that the total amount of collagen and structures of the perimysium are major factors involved in determining the toughness of chicken meat. Thus, analysis of lipid concentrations in this area, together with thickness of the perimysium and endomysium, can expand the understanding of meat quality, and in those cases, an established three-point scale of lipid concentration allows for the determination, of which lipid location enhances the culinary parameters of the meat.
Pectoral and thigh muscles in both cockerels and capons showed increased age tendency of fat accumulation. The results of fat accumulation obtained in our threepoint scale are equal to the chemical analysis of the muscular part of the tissue. Established three-point scale analysis of lipid concentration, confirmed by chemical analysis, is an objective tool and can be used separately in muscle tissues in experiments where there is the need for lipid visualization. Red Oil O staining is an easy, fast and reliable method, which can be used in small laboratories.
